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© Magnetic resonance imaging method and device for monitoring motion of a part of an object 
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® Magnetic resonance imaging methods for myo- 
cardial tagging are known for assessment of myocar- 
dial motion. In such methods tagging pulse and 
gradient sequences (tsq) are applied to the heart of 
an object (4) for acquiring tagged magnetic reso- 
nance images of, for example, heart slices from 
diastole to systole, the sequences being triggered 
upon detection of the R-wave of an ECG. With these 
known sequences, such as the so-called SPAMM 
sequence, it is very difficult, if at all possible, to 
automatically detect the tagging grid and therefore to 
evaluate the motion quantitatively. 

According to the present invention, a magnetic 
resonance imaging method and device (1) are dis- 
closed which allow for automatic quantitative motion 
evaluation of a part of an object (4). The pulse and 
gradient sequences <tsq) are applied in pairs with 
spatially differing tagging patterns, images corre- 
sponding to the pairs being subtracted so as to form 
a tagged image. The motion is monitored by scan- 
ning of the tagging pattern in the tagged image. 
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The present invention relates to a magnetic 
resonance imaging method for monitoring motion 
of a part of an object to be imaged by application 
of pulse and gradient sequences to the object, 
which sequences comprise a tagging section for 
producing a tagging pattern and an imaging section 
for producing magnetic resonance signals in the 
part of the object, the resonance signals being 
used for forming at least one image of the object. 
Such tagging patterns can be used in connection 
with cardiac imaging as so-called myocardial tag- 
ging grids to evaluate heart motion in multi heart 
phase imaging, but can also be used for other 
purposes such as radiation therapy port planning of 
a liver. In the latter case the tagging is quasi static. 

The present invention further relates to a mag- 
netic resonance imaging device for monitoring mo- 
tion of a part of an object, which imaging device 
comprises means for generating a stationary homo- 
geneous magnetic field, means for radiating radio 
frequency pulses to the object which is placed in 
the stationary field, gradient generating means for 
generating magnetic gradient fields which are 
superimposed upon the stationary field, and pro- 
cessing means which are arranged for applying 
pulse and gradient sequences to the object under 
the control of control means, the sequences com- 
prising a tagging section and an imaging section, 
and which imaging device further comprises receiv- 
ing means and sampling means for receiving and 
sampling of magnetic resonance signals generated 
by the sequences in at least a part of the object, 
the processing means being arranged for process- 
ing sampled resonance signals into at least one 
image. 

A method and device of this kind are known 
from the article, "MR Imaging of Motion with Spa- 
tial Modulation of Magnetization", L. Axel et al., 
Radiology, Volume 171, No. 3, pp. 841-845. For 
direct imaging of motion of the myocardium a multi 
heart phase imaging sequence is preceded by a 
pre-im aging so-called tagging sequence in order to 
obtain a line or grid reference pattern in the image. 
The tagging sequence is applied upon detection of 
the R-wave of an electrocardiogram. The multi 
heart phase imaging sequence produces magnetic 
resonance signals in a slice of the heart at different 
time intervals from the R-wave. Successive mag- 
netic resonance images to be displayed visualize 
heart motion such as contraction and rotation, the 
tagging grid in the myocardium being displaced 
with respect to the chest wall tagging grid in suc- 
cessive heart images of the same slice. The tag- 
ging section of the imaging sequence comprises a 
radio frequency pulse to produce transverse mag- 
netization, a magnetic field gradient to "wrap" the 
phase along the direction of the gradient and a 
further radio frequency pulse to mix the modulated 
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transverse magnetization with the longitudinal mag- 
netization. The resulting images show periodic 
stripes due to the modulation. A second set of 
modulation bands, for example, in a direction or- 

5 thogonal to the first, can be produced by following 
the further radio frequency pulse with a further 
magnetic field gradient in an appropriate direction 
and then with a still further radio frequency pulse. 
Different tagging sections have also been de- 

70 scribed, e.g. for obtaining a radial tagging pattern, 
in "A Rapid Starburst Pulse Sequence for Cardiac 
Tagging", E. McVeigh et al., Book of Abstracts, 
SMRM 1989, Amsterdam, page 23, or in "Human 
Heart: Tagging with MR Imaging - A method for 

75 Noninvasive Assessment of Myocardial Motion", 
E.A. Zerhouni et al., Radiology, October 1988, pp. 
59- 63. 

In all these methods it is difficult or not at all 
possible to evaluate the motion quantitatively, es- 

20 pecially automatic evaluation using computer 
means, due to a relatively poor grid contrast. For 
images obtained at later stages of the heart cycle 
the contrast is reduced due to longitudinal relax- 
ation effects. Not only does the grid pattern decay 

25 with longitudinal relaxation, but the image intensity 
becomes increasingly dominated by magnetization 
which has returned to its relaxed state, and which 
hence again becomes available for imaging. This 
relaxed magnetization which is devoid of the grid 

30 pattern, and which is thus not useful as far as the 
tagging is concerned, is a significant factor in re- 
ducing the grid contrast. 

It is an object of this invention to provide an 
improved tagging magnetic resonance imaging 

35 method which allows for automatic detection of 
tagging patterns. 

A magnetic resonance imaging method accord- 
ing to the present invention is characterized in that 
the pulse and gradient sequences are applied in 

40 pairs with spatially different tagging patterns, im- 
ages corresponding to the pairs being subtracted 
so as to form a tagged image. 

In such a method according to the present 
invention, by appropriate choice of the tagging 

45 patterns, the component of the image caused by 
the relaxed magnetization is eliminated and further, 
as a byproduct, untagged images are obtained by 
addition of the paired images. The high contrast 
images obtained allow for automatic grid pattern 

so detection by searching for lines of minima within 
the tagged image. 

In an embodiment of a magnetic resonance 
imaging method according to the present invention, 
the tagging patterns in the respective pairs are 

55 inverted with respect to each other. Optimum re- 
sults are obtained with this choice of tagging pat- 
terns. 

A further embodiment of a magnetic resonance 
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imaging method according to the present invention 
is characterized in that the tagging section com- 
prises a first and a second radio frequency pulse 
separated by a first magnetic field gradient pulse 
for applying spatial modulation to a component of 
magnetization perpendicular to the part to be im- 
aged. In this embodiment, the present invention 
improves the tagging in the cited Axel article, the 
so-called SPAMM tagging section (a periodic 
SPAcial Modulation of Magnetization prior to imag- 
ing), so as to allow for automatic detection of 
tagging patterns. In this embodiment the SPAMM 
tagging section achieves a stripe-like tagging pat- 
tern. 

A further embodiment of a magnetic resonance 
imaging method according to the present invention 
is characterized in that the tagging section further 
comprises a third and a fourth radio frequency 
pulse separated by a second magnetic field gra- 
dient pulse orthogonal to the first magnetic field 
gradient pulse. A grid-like tagging pattern is ob- 
tained in this embodiment . 

A further embodiment of a magnetic resonance 
imaging method according to the present invention 
is characterized in that in the inverted tagging 
pattern one of the phases of the radio frequency 
pulses is in opposition to the phases of the other 
radio frequency pulses. This achieves optimum 
mode tagging patterns in SPAMM-like tagging sec- 
tions. 

A further advantageous embodiment of a mag- 
netic resonance imaging method according to the 
present invention is characterized in that the radio 
frequency pulses are combined 180* pulses and 
that the modulus of the image is used for defining 
the tagging pattern. With this embodiment very 
sharp minima are obtained, and hence a good 
motion resolution. Furthermore, the tagging se- 
quence can be kept relatively short, so that the 
contrast loss due to longitudinal relaxation isTiegli- 
gible. 

A further embodiment of a magnetic resonance 
imaging method according to the present invention 
is characterized in that the part is a heart, that the 
tagging section is applied upon detection of the R- 
wave of the electrocardiogram of the heart, and 
that the slice selective imaging segments are tem- 
porally spaced over a cardiac cycle. The tagging 
magnetic resonance imaging method according to 
the present invention is particularly useful for moni- 
toring motion in the heart. With this embodiment 
multi heart phase images are obtained in which the 
tagging pattern can be detected automatically by 
searching for lines of minima within the images. 
The tagging patterns hardly contain any anatomical 
contrast. By varying the interval between the R- 
wave and the application of the tagging section, 
images of different phases of the heart cycle are 
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obtained. The later stages of the heart cycle are 
imaged with respect to the R-wave, the more im- 
portant a good tagging pattern contrast becomes 
due to the ever present longitudinal relaxation. 
5 The features and advantages of the magnetic 

resonance imaging method according to the 
present invention will be more clearly apparent 
from the following detailed description, in conjunc- 
tion with the accompanying drawing, wherein, 
70 Fig. 1 shows, diagrammatically, a magnetic res- 
onance imaging device according to the present 
invention, 

Fig. 2 A shows a known multi heart phase myo- 
cardial tagging sequence, 

is Fig. 2B shows a SPAMM tagging section for 

applying a grid-like tagging pattern. 
Figure 1 shows, diagrammatically a magnetic 
resonance device 1 according to the invention 
comprising means 2 for generating a stationary 

20 homogeneous magnetic field, means 3 for radiating 
radio frequency pulses to an object 4, modulating 
means 5 for modulating the rf-pulses, receiving and 
demodulating means 6 for receiving and de- 
modulating excited magnetic resonance signals 

25 comprising sampling means 7 for sampling the 
magnetic resonance signals, and control means 8 
for controlling said means 3, 5, 6 and 7. The device 
1 further comprises processing means 9 for pro- 
cessing the sampled magnetic resonance signals, 

30 and gradient generating means 10 for generating 
magnetic field gradients which are superimposed 
upon the stationary magnetic field. In further detail, 
the radiating means 3 comprise the modulating 
means 5, a power amplifier 11, a directional cou- 

35 pier and a transmitter and receiver coil 13. The 
modulating means 5 comprise a modulator 14 and 
an oscillator 15. The modulation can be amplitude, 
frequency or phase modulation or a combination 
thereof, controlled by the control means 8. The 

4o irradiating means 3 excite nuclear spins in the 
object 4 when transmitting rf-pulses, and the re- 
ceiving and demodulating means 6 will receive 
magnetic resonance signals in response thereto. 
The transmission and reception may have various 

45 embodiments, e.g. the coil 13 may be a 
transmitter/receiver coil or may be embodied as 
separate transmitter and receiver coils. In the sepa- 
rate embodiment no directional coupler 12 will be 
present. The receiving and demodulating means 6 

50 may comprise a quadrature demodulator, in which 
case the sampling means 7 will comprise two 
analog-to-digital convenors supplying quadrature 
detected samples of respective sin and cos com- 
ponents of the magnetic resonance signal. The 

55 gradient generating means 10 comprise a power 
supply controlled by the control means 8, for sepa- 
rate control of gradient magnetic coils 17, 18 and 
19 which generate magnetic field gradients G x , G y , 
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and G z respectively. The gradient coils 17, 18 and 
19 may be arranged such that the field direction of 
the magnetic field gradients coincides with the di- 
rection of the stationary homogeneous magnetic 
field, and that the directions of the gradients are 
perpendicular to each other, indicated in figure 1 
with mutually perpendicular axes x, y and z. If the 
magnetic resonance device 1 is put into operation 
and the object 4 is placed inside the means 2 for 
generating the stationary field, a small excess of 
nuclear spins (of nuclei exhibiting a magnetic mo- 
ment) will be directed in the direction of the station- 
ary magnetic field, which can be considered 
macroscopically as a magnetization Mo, an equilib- 
rium magnetization. The equilibrium magnetization 
M 0 can be disturbed by the application of pulse 
and gradient sequences to the object 4. For obtain- 
ing physiological information from the object 4, the 
magnetic resonance device 1 comprises several 
sensors, such as sensors c, for picking up cardiac 
signals which are fed to preamplifiers 20 and 21. 
The preamplified cardiac signals are fed to an ECG 
trigger unit 22 via a fibre optic cable 23 by means 
of an ECG transmitter 24. The ECG trigger unit 22 
supplies trigger pulses tr to the control means 8 for 
triggering pulse and gradient sequences. The ECG 
trigger unit 22 is further controlled by the control 
unit 8 by means of control signal ctl for inhibiting 
the ECG trigger unit 22 from sending pulses during 
predetermined periods. The processing means 9 
may comprise programming means so that the 
pulse and gradient sequence starts from a pre- 
determined time from the trigger pulse tr. The 
trigger pulse tr may be derived in the trigger unit 
22 from the R-wave of the electrocardiagram ob- 
tained from the object 4. For a more detailed 
description of a MRI device and a general descrip- 
tion of the principles of MRI, reference is made to 
the handbook, "Practical NMR Imaging", M.A. Fos- 
ter and J. M.S. Hutchinson, 1987 IRL Press, 

In figure 2A, a known multi heart phase myo- 
cardial tagging sequence tsq is shown as a func- 
tion of the time t. At t = to a tagging section TAG is 
applied, e.g. a SPAMM tagging section as de- 
scribed in the cited Axel article. The tagging sec- 
tion is applied under the control of the control unit 
8 a predetermined time interval after the control 
unit receives a trigger pulse tr from the trigger unit 
22. For obtaining a stripe-like tagging pattern, the 
tagging section comprises two radio frequency 
pulses separated by a "wrap" gradient. For obtain- 
ing a grid-like tagging pattern, the tagging section 
may comprise two such rf-pulse gradient combina- 
tions in succession. The two one dimensional tag- 
ging sections must be separated by a socalled 
spoiler or dephasing gradient, to obtain a mul- 
tiplication of these two tagging patterns. The tag- 
ging section TAG is followed by a multi heart 



phase imaging section after a time interval 6 T , the 
imaging section comprising a number of gradient 
echo imaging segments temporally spaced over 
the cardiac cycle. Each imaging segment com- 

5 prises an rf-pulse P1 with excitation angle a, a slice 
selection gradient G1, a phase encoding gradient 
G2 and a readout gradient G3 applied by the rf-coil 
13 and the gradient coils 17, 18 and 19, respec- 
tively. The pulses a k , k = 0,...,n-1 (n: total number of 

10 heart phase images), are low flip angle pulses, not 
necessarily all equal. The respective pulse angles 
can be optimized for particular repetition times and 
tissue longitudinal relaxation times. The sequence 
tsq is repeated a number of times, e.g. 256, for 

1$ different values of the phase encoding gradient G2. 
The received and sampled magnetic resonance 
signals around t = tk, t = tk-n. ... are processed by 
the processing means 9, a tagged image being 
obtained for each heart phase. The time interval 

20 between the kth and (k + 1)th imaging segment is 
Sk- 
in figure 2B, a SPAMM tagging section TAG 
for applying a grid like tagging pattern is shown, 
comprising first and second radio frequency pulses 

25 P2 and P3 separated by a first "wrap" gradient G7, 
and comprising third and fourth radio frequency 
pulses P4 and"P5 separated by a second "wrap" 
gradient G6, the first and the second "wrap" gra- 
dient being orthogonal with respect to each other. 

30 The gradients G4 and G5, which must be in slice 
selection direction, are applied to dephase any x 
and y components of the tagging magnetization. 
The spatial modulation can be described as 

35 TAG(x.y) = cos{^x).cos( 7 y) 

The factors 0 and y are determined by the in- 
tegrals of the gradients G7 and G6, respectively. 
The amplitudes of the pulses P2, P3, P4 and P5 

40 can be constant. The radio frequency pulses P2 
and P3, and P4 and P5 form so-called "11" sets of 
pulses then, the sum of the pulse angles of the 
pulses P2 and P3, and P3 and P4 being in a range 
of 90* and 180*. Binomial pulse combinations 

45 such as "121" or "1331" pulses can also be ap- 
plied, separated by gradients. Practically the 
summed angle amounts between 90° and 180*. 
For a specified tissue, a specified number of ex- 
citation pulses of a specified angle and for a speci- 

50 fied time point, the tagging angle can be optimized 
to obtain a better contrast than a known SPAMM 
sequence. For example, when measuring a dia- 
stolic, a midstolic, and a systolic modulus image 
with an excitation angle of 35*, the tagging con- 

55 trast at the systolic images on the myocardium is 
maximal, using a tagging angle of about 140* . The 
present invention overcomes such problems. Ap- 
plication of binomial pulse combinations might take 
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too long, i.e. the tagging section might not be 
completed before the heart begins to move. 

Before a more detailed description of the 
present invention will be given, shortcomings of the 
known SPAMM tagging will first be outlined. It is 
assumed for simplicity that the object 4 to be 
imaged has a uniform magnetization density equal 
to unity. Then, immediately after the TAG section, 
the z-magnetization is given by 

Mo.TAG(x.y) 

The shape of each heart phase image is deter- 
mined by the z magnetization immediately before 
the respective rf excitation pulses P1. For the first 
image this z-magnetization is 

1 - (1 - M 0 .TAG(x,y)).exp{-5T/T 1 )= M 0 .TAG(x,y)- 
.exp<-5T/T 1 ) + (1 - exp(-5T/T! )) 

where T n represents the longitudinal relaxation 
time. 

In the above formula, the first term 

QT 0 = M 0 .TAG(x,y).exp(-5T/Ti) 

represents a decaying image of the object which 
has been modulated by the tagging pattern, and 
the second term, 

QRo = 1 - exp<-5T,Ti ) 

represents an image of the object due only to that 
magnetization that has been relaxed since the ap- 
plication of the tagging section TAG. For the kth 
heart phase image 

QT k = QTo.FIj cos(orj).exp(-6j/Ti ), for j = 0 to k-1 
and, recursively, 

OR**, = 1 - (1 - QR k ).exp<-5k/Ti ) 

QT k contains the information for monitoring myo- 
cardial motion, while QF^ is a term which reduces 
the contrast of the tagging grid, and for a tagging 
section with a 90* tagging angle it can easily be 
shown that 

QT k = xk.(l - cos(/3x)).(i - cos(yy)) 

Xk being dependent on the aj's, 6j's, Ti etc., but 
not depending on the spatial coordinates x and y. 
in the presence of motion the variables x and 
represent object coordinates at the point in time 
t = to at which the tagging section TAG is applied. 
The tagged image is given by 



Xk.(1 - cos(0x)).(1 - cos{ 7 y)) + QR k 

Basically the tagging grid can be automatically 
detected by searching for the lines of minima with- 

5 in the tagged image. However due to the presence 
of the term QR k and the influence of Xk, the actual 
values of these minima vary widely. In an image 
with large intensity variations, which is usually the 
case, it could be very difficult to detect these 

io minima. 

For a tagging section with a 180* tagging angle, 

QT k = Xk.cos(0x).cos( Y y) 

?5 And for modulus type images, as is dealt with in 
many cases, the image shape is as follows, 

|Xk.cos(£x).cos( 7 y) + QR k | 

20 In the latter case it does not suffice to search for 
lines of minima, their position being influenced by 
Xk and OR k . The tagging grid, which is positioned 
between the lines of minima, can only be assigned 
definitely in homogeneous regions of the object in 

25 this case. 

According to the present invention, the term 
QR k is eliminated in order to allow for reliable 
automatic detection of tagging grids in tagged im- 
- ages. The elimination is achieved by performing 

30 pairs of measurements with two spatially differing 
tagging functions and by subtracting the tagged 
images resulting from two tagging pulse and gra- 
dient sequences tsq with different tagging sections 
TAG incorporating these tagging functions. Denot- 

35 ing the respective tagging functions by TAGl(x.y) 
and TAG2(x,y), the best results are obtained when 

TAGl(x,y) = -TAG2(x,y) 

40 For a 180* SPAMM tagging section TAG as shown 
in figure 2B 

TAGl(x.y) = cos(£x)xos<-yy) 

45 This tagging pattern can be inverted by negating 
the phase of any one of the four radio frequency 
pulses P2, P3, P4 or P5. i.e. by replacing one of 
the four 90° pulses in "11" sets of pulses P2, P3 
and P4, P5 respectively by a -90' pulse. With this 

so choice of tagging functions, the form of the tagged 
image is .as follows 

|2Xk.cos(jSx).cos(yy)| 

55 By addition of the two tagged images resulting 

from the two tagging sequences an image with 
dependent anatomical contrast will be obtained 
with the form of , 
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2.QR k 

According to the present invention, the lines of 
minima substantially have zero intensity, which 
make them very easy to detect. The zero intensity 
lines are detected automatically by means of the 
processing means 9 through scanning of the result- 
ing tagged image. Furthermore, the tagging mag- 
netic resonance method according to the present 
invention gives very sharp minima when the tag- 
ging grid is defined as a modulus image.. 

In case of 90* tagging angles, according to the 
present invention, the tagging grid lines can be 
narrowed by applying binomial pulses, with a 
summed pulse angle of 90 " for each tagging direc- 
tion. The form of the tagging function then is, by 
rough approximation 

(1 - cos n (0x)).(1 - cos n ( 7 y)) 

n being the order of the binomial sequence. The 
duration of the tagging sequence increases with the 
order n and tagging might not be completed before 
the heart starts to move. In case of myocardial 
motion the 180* variant is thus preferred. 

Claims 

1. A magnetic resonance imaging method for 
monitoring motion of a part of an object (4) to 
be imaged by application of pulse and gradient 
sequences (tsq) to the object (4), which se- 
quences (tsq) comprise a tagging section 
(TAG) for producing a tagging pattern and an 
imaging section (P1, G1, G2, G3) for producing 
magnetic resonance signals in the part of the 
object, the resonance signals being used for 
forming at least one image of the object, char- 
acterized in that the pulse and gradient se- 
quences (tsq) are applied in pairs with spatially 
different tagging patterns, images correspond- 
ing to the pairs being subtracted so as to form 
a tagged image. . . . 

2. A magnetic resonance imaging method as 
claimed in Claim 1, characterized in that the 
tagging patterns in the respective pairs are 
inverted with respect to each other. 

3. A magnetic resonance imaging method as 
claimed in Claim 1 or 2, characterized in that 
the tagging section comprises a first (P2) and 
a second (P3) radio frequency pulse separated 
by a first magnetic field gradient pulse (G7) for 
applying spatial modulation to a component of 
magnetization perpendicular to the part to be 
imaged. 



4. A magnetic resonance imaging method as 
claimed in Claim 1, 2 or 3, characterized in 
that the tagging section (TAG) further com- 
prises a third (P4) and a fourth (P5) radio 

5 frequency pulse separated by a second mag- 

netic field gradient pulse (G6) orthogonal to the 
first magnetic field gradient pulse (G7). 

5. A magnetic resonance imaging method as 
io claimed in Claim 3 or claim 4, characterized in 

that in the inverted tagging pattern one of the 
phases of the radio frequency pulses (P2, P3, 
P4, P5) is in opposition to the phases of the 
other radio frequency pulses. 

rs 

6. A magnetic resonance imaging method as 
claimed in any one of the Claims 3 to 5, 
characterized in that the radio frequency 
pulses (P2, P3, P4. P5) are combined 180° 

20 pulses (P2 & P3, P4 & P5) and that the 

modulus of the image is used for defining the 
tagging pattern. 

7. A magnetic resonance imaging method as 
25 claimed in any one of the preceding Claims, 

characterized in that the tagging patterns are 
detected by searching for lines of minima with- 
in the image. 

30 8. A magnetic resonance imaging method as 
claimed in any one of the preceding Claims, 
characterized in that the imaging section (TAG) 
comprises at least one slice selective imaging 
segment (Pi, Gl t G2, G3) for obtaining at least 

35 one slice image of the part. 

9. A magnetic resonance imaging method as 
claimed in Claim 8, characterized in that the 
part is an heart, that the tagging section is 
40 applied upon detection of the R-wave of the 

electrocardiogram of the heart, and that the 
slice selective imaging segments are tempo- 
rally spaced over a cardiac cycle. 

45 10. A magnetic resonance imaging device (1) for 
monitoring motion of a part of an object(4), 
which imaging device (1) comprises means (2) 
for generating a stationary homogeneous mag- 
netic field, means (3) for radiating radio Ire- 

50 quency pulses to the object (4) which is placed 

in the stationary field, gradient generating 
means (10) for generating magnetic gradient 
fields which are superimposed upon the sta- 
tionary field, and processing means (9) which 

55 are arranged for applying pulse and gradient 

sequences (tsq) to the object (4) under the 
control of control means .(8); the sequences 
comprising a tagging section (TAG) and an 
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imaging section (P1, G1, G2, G3), and which 
imaging device (1) further comprises receiving 
means (6) and sampling means (7) for receiv- 
ing and sampling of magnetic resonance sig- 
nals generated by the sequences (tsq) in at 5 
least a part of the object (4), the processing 
means (9) being arranged for processing sam- 
pled resonance signals into at least one image, 
characterized in that the processing means (9) 
are further arranged for applying the pulse and w 
gradient sequences (tsq) in pairs with spatially 
differing tagging patterns, for subtracting im- 
ages corresponding to the pairs so as to form 
a tagged image, and for monitoring the motion 
in the part by scanning the tagging pattern in 15 
the tagged image. 
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© Magnetic resonance imaging method and device for monitoring motion of a part of 



an object 



© Magnetic resonance imaging methods for myo- 
cardial tagging are known for assessment of myocar- 
dial motion. In such methods tagging pulse and 
gradient sequences (tsq) are applied to the heart of 
an object (4) for acquiring tagged magnetic reso- 
nance images of, for example, heart slices from 
diastole to systole, the sequences being triggered 
upon detection of the R-wave of an ECG. With these 
known sequences, such as the so-called SPAMM 
sequence, it is very difficult, if at all possible, to 
automatically detect the tagging grid and therefore to 
evaluate the motion quantitatively. 

According to the present invention, a magnetic 
resonance imaging method and device (1) are dis- 
closed which allow for automatic quantitative motion 
evaluation of a part of an object (4). The pulse and 
gradient sequences (tsq) are applied in pairs with 
spatially differing tagging patterns, images corre- 
sponding to the pairs being subtracted so as to form 
a tagged image. The motion is monitored by scan- 
ning of the tagging pattern in the tagged image. 
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